strated in attempting to conserve the supply of cane and beet sugar. The experiments reported herein have to do with the determination of the relative sweetening power of xylose, rhamnose, dextrose, levulose, galactose, sucrose, maltose, lactose and raffinose. Most of the sugars chosen occur separately or in combination with other compounds in commercial sweetening agents. The rarer sugars studied-xylose, rhamnose, galactose and raffinose-have been available in small quantities only and have been used primarily for research in fields such as medicine or bacteriology.
In making the above selection it seemed desirable to include sugars which had not come into wide technical usage for the rare sugars of th Experimental. .e present may be among the common sugars of the future.
Physiologists and psychologists quite generally recognize four fundament.al taste qualities, sweet, salt, sour and bitter. The use of highly purified carbohydrates dissolved in distilled water made sweetness the outstanding quality in the solutions used. At th e time that this investigation was undertaken the methods used for the establishment of numerical values for relative sweetness were not stated or if stated gave few details of procedure.
In order to test the reliability of comparisons made by tasting successively sugar solutions and standard sucrose solutions, we fi rst und .ertook to determine th .e accuracy with w phich experimental subjects could discrimin .ate between the sweetness of two concentrations of the same sugar.
Accordingly a series of quantitative solutions of sucrose (Kahlbaum) and galactose (Kahlbaum) were tasted in the order of their ascending concentrations.
The subject was asked to report whether the first solution tasted was "sweet" or "not sweet." Thereafter the solutions in a series were reported as "sweeter," "less sweet" or "the same" as the solution tasted immediately before the one under investigation, or the decision of "doubtful" was given. At 1 .east twenty women of good health who were mature students or members of the departmental teaching stti served as experimental subjects for each series reported.
The total time required for the tasting in a single series did not exceed five minutes. Two consecutive series were never attempted, as it was thought that the element of fatigue might vitiate the results obtained. Uniform written and oral directions were given to each person at the outset. All conversation was eliminated during the experiment except in a few cases where discussion was essential for the completion of the experiment. The women participating in the investigation were requested to discuss none of the experimental details with each other.
The solutions were marked so that their concentration or chemical nature was not evident, and were placed on a table back of the experimental subject. Before starting a series and between successive tastes of solutions in a series, the experimental subject rinsed her mouth with 15 cc. distilled water, and all visible moisture was quickly removed from the tip of her extended tongue by means of a dry absorbent cotton swab. All solutions were transferred by means of medicine droppers in uniform quantities of one drop to the tip of the extended dried tongue-a region of the tongue chosen because it has the greatest acuity for sweet sensations. All solutions were tasted at room temperature.
In order to eliminate the factor of smell, the subject closed her nostrils by pressing them together with her fingers until a judgment has been reached. The decisions were recorded by symbols on appropriate blanks. The arrangement of the solutions of sucrose and galactose tested was such that each solution was of a higher concentration than the preceding one, and therefore it was to be expected that the subjects might find each solution sweeter than the preceding one. An accurate decision has been defined for purposes of tabulation as one in which a solution was pronounced sweet.er than the preceding solution. An examinatio-1 of the data as set forth in table 1 shows that differences in concentrations are not readily detected in taste. With a series of sucrose solutions varying in concentration from 0.75 to 9.75 per cent with intervals of 0.5 per cent in the concentration, approximately three-fifths of the experimental subjects gaveaccuratedecisions; with differences of 1.00 per cent, three-fourths A consideration of the above results indicates the unreliability of comparative sweetness tests in which memory plays a part. It therefore seemed more feasible to determine the lowest concentrations of xylose, rhamnose, dextrose, levulose, galactose, sucrose, lactose, maltose and raffinose which were judged sweet by the experimental subjects and to use these minimum concentrations in establishing numerical values.
Hollingworth and Poffenberger (1917) point out that the two psychological are 1, problems of greatest the determination of interest the fain in measuring the keenness of taste -test stimulus which can be sensed; and 2, the change in the amount or intensity of stimulus required to perceive a change in the taste sensation. Kahlenberg (1898) determined the lowest concentrations of several acid solutions which tasted acid when the experimenter proceeded those of higher concentration. from solutions of Additional inves lower concentration to tigations on the relation of chemical composition and physical state of compounds to acid taste have been reported by Corin (1887), Richards (1898), Kastle (1898) , Kahlenberg (1900 ), Crozier (1916 , Gibson and Hartman (1919) and Harvey (1920) .
One series of solutions for each sugar was tasted going from those of lower concentration to those of higher concentration, this order, however, being unknown to the taster. Thus the sense of fatigue and the factor of contrast were so controlled that conditions were favorable to the detection of the sweet quality in dilute solutions. The same general precautions observed in the first series of experiments were maintained. The amounts of solutions applied were constant, the location and area on the tongue subjected to stimulation were approximately the same, the temperatures of the solutions did not vary widely, and water was the stimulus which always immediately preceded that of the sugar solution.
Smell was eliminated and the tongue was dried so that the sugar solution was not diluted by distilled water and saliva. Each solution was tasted two consecutive times, so that the second decision acted as a check on the first. The experimental subjects received uniform directions and were instructed to report that a solution was "sweet," "not sweet" or "doubtful."
The sugars used were obtained from various sources: xylose (Eimer and Amend), rhamnose (Daiggle Co.), glucose (Bureau of St.andards), fructose (Pfansteil), galactose (Kahlbaum), sucrose (Kahlbaum), lactose (Noyes Bros. & Cutler), maltose (manufacturer undertermined) and raffinose (Merck).
The stock solution from which subsequent dilutions were made was prepared by making a known weight of carbohydrate up to known volume. The concentration of the solution was checked by using a Schmidt and Haensch saccharimeter.
Wherever practicable the original stock solution was used and in those cases in which the concentrated solution was very limited in amount, one of the dilutions which was available in larger quantities was used. All checked closely with the exception of maltose in which a 1 per cent dilution gave a value of 1.09 per cent with the saccharimeter.
A slight test for dextrin was obtained with this solution, but inasmuch as the optical activity for the several dextrins is markedly greater than that of maltose (Mathews, 1920) , the amount of dextrins present was probably not great.
The per cent of decisions indicating the detection of sweetness for the concentrations of sugar solutions tested is given in table 2 and is shown graphically in figures 1 and 2 in which the concentrations of the solutions are plotted on the vertical axes and the per cent of decisions indicating sweetness on the horizontal axes. By continuing the curves for galactose, sucrose and lactose so that they intersect the 100 per cent axis, there is obtained the lowest concentration of each sugar which would be reported as sweet by all experimental subjects. In table 3 are given the results of these experiments expressed in three different ways-l, the concentrs tion indicated as sweet in the decisions; 2, the numerical ratings of the sweetness of the pure sugars taking sucrose as 100; and 3, the units by weight of pure sugars equivalent to one part by weight of sucrose.
DISCUSSION.
The value of 74.3 obtained for dextrose is higher than the value of 60 given by Ruehe (1918) are images from other senses. Moreover, the method developed does not necessitate tasting solutions of marked sweetness in succession, thus reducing the factor of fatigue to a minimum.
The method outlined for est.ablishing numerical values for the sweetening powers of sugars is obviously not applicable to the comparison of solutions of higher concentrations than those used. The first series of experiments with sucrose and galactose shows that a difference of 1.5 per cent in sucrose solutions is detected by 94 per cent of the subjects and a difference of 4.75 per cent in the galactose solutions by 96 per cent of the subjects; 97.9 per cent of the subjects considered a 1.25 per cent solution of sucrose sweet and 97.5 per cent consider a 4.00 per cent solution of galactose sweet. There apparently is some correlation between the lowest concentration which is sensed as sweet and the amount or intensity of a stimulus needed to perceive a change in sweet quality. Thus one might anticipate a numerical relationship among solutions of higher concentrations than those tested, similar to that obtaining among solutions of lower concentrations.
Of the sugars which are available in the pure form or as important constituents of sweetening agents, sucrose has the greatest sweetening power. Willaman (1921) has suggested the possibility of producing levulose syrup from the Jerusalem artichoke which contains 12 to 14 per cent inulin.
Such a product would undoubtedly be much sweeter than other syrups with a similar per cent of carbohydrate. Levulose syrup would be a good sweetening agent to be used with carbohydrates of lesser sweetening value or for cases in which a sweet product is desired without a correspondingly high carbohydrate content and high caloric value. The low sweetening power of lactose together with its high caloric value has brought about its use in fevers such as typhoid fever (Coleman, 1912) where commercial glucose and sucrose soon become distasteful to the patient because of their greater sweetness. The use of lactose is limited on the one hand by the carbohydrate tolerance of the patient and on the other, by its solubility in water (Hudson, 1908) , (Zoller and Williams, 1921) . It is possible that other sugars studied in the group may come to have special dietetic uses because of their sweetening qualities and their physiological behavior.
Raffinose is not utilized by the human organism (Kuriyama and Mendel, 1917) , (Kuriyama, 1918) . Investigations re- ported on the pentoses indicate that they do not behave like the hexoses in the animal body (Armsby, 1908) , (Lusk, 1917) , (Rockwood and Khorizian, 1921) . Theoretically the hydrolysis of ra5nose, lactose, maltose and sucrose would result in a mixture of monosaccharides having greater sweetening power than the original sugar, provided that the process chosen does not modify the simple sugars produced.
The only one of these mixtures which would be sweeter than sucrose would be that derived from sucrose, itself, namely, invert sugar. The sweetness of the latter will be considered in a subsequent communication.
SUMMARY
When solutions of sucrose and galactose of ascending concentrations are compared with a solution of lower concentration in a series, different degrees of sweetness are not accurately detected by taste. The difference in concentration must be 1.5 per cent in the case of sucrose and 4.75 per cent in the case of galactose before the difference in sweetness is detected with reasonable accuracy.
Therefore a method of comparing the sweetness of sugars has been developed which does not involve remembering a sweet sensation from one test to the next. By this method the minimum concentration of each sugar which is declared sweet by at least 20 experimental subjects has been est.ablished. Using the value of 100 for sucrose, the relative sweetness of lactose, ra5nose, galactose, rhamnose, maltose, xylose, dextrose, sucrose and levulose has been determined.
Theoretically the monosaccharides obtained from the complete hydrolysis of ra5noae, maltose, lactose and sucrose would have a greater sweetening power than a corresponding amount of unhydrolyzed carbohydrate.
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